The pyridazinone B A S 13 -338 (S A N 9785) inhibits the desaturation sequence leading to polyunsaturated fatty acids, mainly o f glycolipids. Parallel to the inhibition of fatty acid desatura tion in the presence o f the pyridazinone, changes in energy-distribution parameters have been observed. These data indicate that the amount o f polyunsaturated fatty acids in glycolipids is strongly correlated with excitation, trapping, grouping and dissipation, but not with spillover. Functional changes in energy distribution induced by B A S 13-338 are interpreted as a conse quence of structural changes in the lipid matrix, which may imply a structure-function relationship betw een pigment protein com plexes and the surrounding lipid environm ent in thylakoids.
Introduction
First steps of light transforming reactions in photo synthesis take place within heterogeneously distrib uted pigment protein complexes in thylakoid m em branes [1] and include light absorption-, exciton transfer-and charge separation-processes. It has been proposed that the pattern of exciton transfer i.e. the energy distribution behaviour influences the photosynthetic efficiency [2] . In order to coordinate energy distribution, a high degree of m em brane o r ganization might be necessary. The m em brane or ganization seems to be characterized not only by the arrangem ent of pigment protein complexes but also by the interactions with the lipid environment. Therefore, the thylakoid specific lipid complement which contains a high am ount of polyunsaturated fatty acids may reflect the functional role of the lipid matrix in these membranes. Several attem pts have been made to gain insight into the functional interac tions between acyl lipids and LHC, reaction centers or herbicide binding protein [3] [4] [5] . The effect of high amounts of polyunsaturated fatty acids, espe cially 18:3 in acyl lipids on structure-function rela tionship between lipid matrix and pigment protein complexes as well as on arrangement of these com plexes can be studied by inhibiting fatty acid desat uration sequence with 4-chloro-5-(dimethylamino)-2-phenyl-3(2H)pyridazinone (BAS 13-338, SAN 9785). This compound has been shown to be a potent state change inhibitor [6] and a PS II electron trans port inhibitor in vivo and in vitro [7] . However, it inhibits different desaturation steps in the synthesis of polyunsaturated fatty acids [8, 9] leading to an increase of appressed/non-appressed regions in thyla koids [10] .
In this paper we show the effect of an altered lipid matrix induced by the pyridazinone BAS 13-338 and the functional role of polyunsaturated fatty acids in acyl lipids on energy distribution in thylakoids.
Materials and Methods

4-6 week old
Petunia hybrida plants (cyanidine type) were treated with 160 ^im BAS 13-338 in glass chambers under 15 W/m2 light intensity, 2 0 ± 2°C growth tem perature and 80 ±10% relative humidity for 7 d. Low tem perature fluorescence kinetic meas urem ents of leaf discs were carried out using excita tion light of 633 nm (NeHe laser, 20 W/m2), a multi branched fiber optic and 2 photomultipliers. Fluo rescence signals m easured at 695 nm (PS II) and at 735 nm (PS I) were digitized on line (IMSAI 8080 microcom puter) and stored in core memory for data handling. Absolute 77 K fluorescence emission spec tra [11] m easured from 600 to 800 nm were used to correct the F(0)-and F(M)-values obtained from the kinetics. The characteristics of energy distribution, i.e. trapping, grouping, spillover and dissipation were analyzed according to the energy flux theory [12] . Lipids were extracted from purified thylakoids as described elsewhere [13] and isolated by TLC on silica gel 60 (Merck) using the aceto n e: b en zen e: water system (91:30:8 v/v/v). Lipid bands were re vealed by spraying the plates with 0.003% (w/v) al kaline Rhodam in 6G solution. For quantitative fatty acid analysis, individual lipid bands were scraped from the plates and transm ethylated according to [14] in the presence of m ethylpentadecanoate stand ard. A fter extraction, aliquots of acylmethylesters were separated by GC in 10' x 1/8" steel columns packed with 10% EGSS-X on Chromosorb W/AW-DCMS (80-100 mesh) using a Varian A erograph 2700 fitted with CDS 111 integrator. Acyl lipid bands and fatty acid methyl esters were identified by com paring them with authentic standards.
Results
Fatty acid changes during pyridazin one incubation p erio d
Although the qualitative and quantitative acyl lipid complement as well as the chlorophyll content of thylakoids remain nearly constant (data not shown), changes in the fatty acid composition have been observed (Table I) (Fig. 1) . The ratio F2^/F 2M) shown to be proportional to the trapping probability p 2b in an ungrouped bipartite model [15] , decreases from 0.75 to 0.47, whereas a N which implies how much energy in PS I originates from its own light absorption remains nearly constant during a 7 d incu bation period with BAS 13 -338 (SAN 9785). Based on a grouped bipartite model, however, a decrease in the ratio F2(V )/F2(m) suggests that PS II trapping and/or grouping between PS II-LHC-units may be influ enced by the pyridazinone treatm ent. According to [12] , the F\ versus F2 plots yield straight lines with the same slopes, indicating that spillover rate constant is not affected by an altered lipid matrix in thylakoids.
The energy flux theory predicts that the nor malized variable fluorescence of PS II V versus the non-fluorescence s (area growth curve) is a horizon tal hyperbolic function of different curvatures at 77 K in the case of grouping and non-grouping. On Table I this basis, the curvature of the experimental signals F2(x) contains the information for cooperativity of neighbouring PS II-LHC-units. T herefore, if K is known, the grouping probabilities p 22 can be calcu lated from the intercept V[ of the V versus Vis plots as shown in Fig. 2 . A t any time when grouping is zero (k = 0, the slope of the plot is ms= K l(l-K )) K, the tem perature constant for charge transfer of a re duced reaction center to oxidized internal acceptors (pheophytin, Q A) can be calculated. K has the value 0.145 [16] which is valid for most higher plants. The effect of an altered lipid matrix on energy distribu tion is shown in Fig. 3 . As presented in Table II , nearly all energy distribution param eters are affected following treatm ent with BAS 13-338 (SAN 9785). As can be shown by apparent quantum yields cpy of an individual photosystem and by energy transfer probabilities p {], trapping as well as grouping are decreasing, whereas spillover and dissipation are increasing during the pyridazinone treatm ent. How ever, it has to be emphasized that grouping is almost zero whereas the energy transfer probability p 2b for PS II trapping seems to be unaffected by an altered lipid matrix. Furtherm ore, decreases of the confor mation constants for trapping, grouping and spill over as well as increases in the relative distances between the different loci might reflect functional changes and/or a rearrangem ent of pigment protein complexes caused by structural changes in the lipid environment. 
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Discussion
It has been proposed that the shape of a given acyl lipid molecule is mainly determ ined by the ratio of polar head group and the type of acyl moieties [17] . Therefore, lipid packing properties are expected to bring about asymmetrical distribution of lipid classes and lipid species in membranes. The pyridazinone BAS 13-338 (SAN 9785) induces alterations of the ultrastructure of thylakoid m embranes by increasing the ratio of appressed/nonappressed regions in grana [10] . This effect may be attributed to changes in fatty acid composition from a more unsaturated (high linolenic acid content) to a m ore saturated (low linolenic acid content) state of the thylakoid lipid matrix. Changes in the unsaturation of fatty acids are expected to cause changes in lipid shapes provided that the acyl lipid composition is constant. Such changes may be e.g. from cone-shaped to cylindrical shaped M GDG. Therefore, rem arkable changes in the lipid shape are thought to induce alterations in the organization of the lipid matrix. O ur calculations imply that the frequencies of 18:3/18:3 species in M G D G , D G D G and SQ D G are lowered by nearly 50%. In addition, our results indicate that energy transfer between different pigment protein complex es depends on close distances between them and could be influenced by the state of the lipid matrix. These findings are in agreem ent with the proposed relationship between pyridazinone induced altera tions in linolenic acid content and fluorescence in duction in vivo [18] .
Calculations in [19] propose that in appressed re gions, there is a minimum set-up of acyl lipids which favour energy transfer between pigment protein complexes. All our data suggest that the am ount of linolenic acid in glycolipids is strongly correlated (significance 0.1-5% ) with excitation, trapping and dissipation of both PS II and PS I, with grouping of PS II-LHC-units, but not with spillover. From these findings we conclude that a relationship exists be tween the structural organization of the lipid matrix and the functional state of energy distribution in thylakoids.
Considering the possible mechanism of the BAS 13-338 (SAN 9785) effect on energy distribu tion, we assume that due to pyridazinone induced alterations in shape, glycolipids are inserted into ap pressed rather than into non-appressed regions of thylakoids by lipid turnover metabolism. This might result in an altered lipid micro-environment as well as in a rearrangem ent of pigment protein complexes (increased distances between these complexes) in ap pressed regions. Structural changes in the organiza tion of the lipid matrix are expected to cause changes in the functional energy distribution behaviour by creating a new state of lipid-protein interaction.
On the basis of our data, possible models for the effect of the pyridazinone BAS 13-338 (SAN 9785) 
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on thylakoids are proposed (Fig. 4) . In these thy lakoid models, the structure of the lipid matrix is related to the functional state of energy distribution in a grouped bipartite model. Both models are in agreem ent with the observed pyridazinone induced changes in grana size [10] .
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